CImpto 
KLV 

02/25/00 



1 - A method of rediicing noise in a transmitted signal comprised of a plurality of 
frames, each of said frames including a plurality of frequency bands; said method comprising 
the steps of : 

determining a respective total signal energy and a respectivx^ current estimate of the 
5 noise energy for at least one of said plurality of frequency band,^ pf at least one of said 
plurality of frames; 

deierniining a respective local signal-to-noise ratio (SNRp^^J for said at least os^e of 
I) said plurality' of frequency bands as a fimeiion gf said respective signal energy and said 
;) respective current estimate of the noise energy; 

l; 1 0 deremiining a respective sniootlied signal-to-noise ratio (SNR^^ct) for said at least one 

"I 

of said plurality of frequetiey bands frorn said respective loc<il signal-to-noise ratio and 
^ another respective signal-io-noisc ratio (SNR^,J estimated for a previous frame; and 
J cafculatinii a respective fiker gain value for said ai least one of said plurcility of 

frequency bands from said respective smoothed signal -to-noise ratio. 
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2. (Amended) The rneihod of claim I wherein said respective local signal- 
noise ratio (SNR^j;,) is determined by the following relation: 



SNR^^( f) ^ POS 



mf) 



-1 



wherein POSfx] has the value x when x is positive and has the value 0 otherwise, t£:^(0] 
5 Ey^ffl is said respective a perceptual total [signal] energy value and [Ea(01 finSCD is [said 
respective current estimate of the] a perceptual noise energy value . 



3. Tlx- nietliod of claim 1 wherein said estimated respective signaUto-noisc ratio 
(SNR^jJ is determined by the folbwing relation: 



wherein G(f) is a prior respective signal j^ain and SNRpasi is said respective local signal-io- 
noise ratio. 

4. The method of claim 1 wherein said respective smoothed signal-to-noise ran 
(SNK^:,^) is determined by the following rehuion: 



wherein y is a smoothing constant, SNKp^,- is said respective local signa!-io-noisc ratio and 
SNR^^, is said estimated respective signal-to-noise ratio. 

5. The method of claim 1 wherein said respective filter gain value is determinei 
by the tollowing relation: 



uiierein SNRp^inr is said respective sniooUied signal-to-noise ratio, 

6. Tlie metliod ofclaim 1 further comprising llie step of forming said at least oi 
of said pl urality of tVnraes tVom a tirst number of new speecli samples and a second number 
prior speech samples. 

7. The method of claim 1 further comprising the step of forming said piuraliiy < 
freciuency bands by carrying out a fast Fourier transform (FF T) on said at least one of *said 
plurality of tramcs. 

8. The method of claim 1 further comprising the steps of : 
determining whether said at least one of said plurality of frames is a non-speech 

frame; 

updating, when said at least one of said plurality of frames is a non-speech frame, s< 




cuTTcnl esiiniaie of the noise energy level of said ai leasi one of said pluraHcy of bands of .sai 
ai tea^t one of said plurulily of frames; and 

determining said respective filter gain value as a function of said updated current 
estimate of the noise energy level 

9. The method of claim 8 wherein said at lea,st one of said phirality of frames is 
determined to be a non-speech frame when said at least one frame is a staiionar>' frame. 

10- 'I*he method of claim 9 wherein said at least a respective one of said plurality 
of frames is determined to be a stationar>^ frame when a difference in a logarithm of an enen 
of said at least one frame and a iogariihm in an energy of at a prior one of said pluraliiy of 
frames exceeds a predefined threshold value, 

(Amended) The method of claim 9 wherein said at least a respective one of 



said plurality of frames is detennined lo be a staiionar>* franie when a diflbrcncc in a 
logarithm of an energy of said at least one frame and a logarithm in an cncrg>^ of at a prior 
one of said plurality of frames is less tha n [exceeds J a first predefined threshold value and ; 
linear predictive coding (hPC) prediction error exceeds a second predefined threshold valu^ 

1 1 , (Amended) The method of claim 8 wherein said at least one of said 
pku*aliry of frames is determined to be a non-speech frame as a function of a sum of weight 
\7ilues^ each of said weighted values corresponding to a respective one of said frequency 
bands of said respective one of said plurality of frameSj each of said weiglited values being 
5 product of a logarithm of a speech likelihood metric of said corresponding one of said 

frequency bands and a weighting factor of said corresponding one of said frequency bands, 
and [as a function of] when a linear predictive coding (LPC) prediction error exceeds a 
second predefined threshold value . 

12. Tlie method of claim ! 1 wheiein said speech likelihood meu*ic of said 
corresponding one of said frequency bands is determined by the following relation: 





n 

</)) i 
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prior 



post 
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. wherein SNRp^j^ is said respective local signal- 



to-noi-jc ratio and SNR^^^^j is said respective smoothed signal-to-noise ratio. 



13. (Amended) The method of claim 8 wherein said at least a respective one 
said plurality of frames is detemuned to be a non-speech frame as a function of a normalise 
skewTiess value of a linear predictive coding (LPC) residual of said at least a respective one 
said plurality of frames and [as a fttnciion of! when a linear predictive coding (LPC) 
prediction error exceeds a second rede finedjhtes hold value . 

14. The method of claim 1 3 wherein siid skevvness ralue of said LPC residual is 
detennined by the foUowing relation: 

SK = v X! f^('*^)]^ ' wherein e(n) are sampled values of ail LPC residual., and N is a frame 

n-O 

lengtli. 

15. (Amended) Hte method of claim 14 wherein said skewness value i: 
normalized by a function of an estimated value of a total energy E, of said respeciive 
said plixrality of frames, said total energy being determined by the following relatii 



~ "Jv ^ [^('01^ 1 wherein e(n) are sampled values of an LPC residual, and N is a frai 




5 length. 



16. (Amended) The method of claim 14 wherein said .skevvness value is 
normalized by a function of an estimated value of a variance of said skewness value, said 
variance being deiermined by the following relation: 



5 frame length. 

\ 7. The method of claim 8 wherein said current estimate of the noise energy level 
is determined by the following relation: 

E{m 4- 1. / ) - (1 - a )E{m^f ) -f aEd.{m^f) , wherein E(m,0 is a prior estimated noise 
energy level, Ectt(ni,i) is a band energy, ni is an iteration index and a is an update constant. 



VQr[SK] = 



Psl * wherein is said current estimate of the noise energy level and N i 



18. (Amended) The method of claim 17 vvlierein a value of said update o 
a is determined by one of a watchdog timer being expired, said at least one of said plur 
frames being stationar>% said at least one of said plurality of frames being a non-speech 
a LPC residual of said at least one of said plurality of frames having substantially xero 

5 skevvnesSj [and] a current value of said estimated noise energy level being greater than 
energy of said plurality of frames and a linear predictive coding fLPC^ predicting error 
exceeding a predefined threshold value . 

19, (Amended) The method of claim 1 7 wherein said estimated noise lev 
forced to be updated (using a noise energy level of a current frame) vAx^n said estimate 

level is not updated within a preset interval. 

20. The method of claim 1 wherein said filtering gain is further adjusted as a 
function of an aggressiveness setting parameter (F) according to the following rclaiion: 

(^'(/) ^ G(J)' )] . wherein G(l) is said filtering gain prior to being adjusted. 

2 1 . The method of claim I further comprising the steps of: determining a 
respective speech likelihood metric of each of said plurality of said frequency bands of said at 
least one of said pluralit}-* of frames; determining a number of said plurdlily of said frctjuency 
bands having said respective speech likelihood metric above a tlireshold value; and setting, 
when said number exceeds a predetennined percentage of a total number of said plurdiity of 



5aid frequency bands, said filter gain for each of said plurality of :>aid frequency baiids 
fninimuni value. 

22. The method of claim 1 1 wherein an said illtering nain is set to a minimi 
value when said speech likelihood metric h less ihan a threshold value. 

23. A method of reducing noise in a iransmiUcd signal comprised of a plur 
frames, each of said frame^s including a plurality of frsqwency bands; sm6 method com 
the steps of : 

determining whether at least a respective one of said plurality of frames is a no 
speech frame; 

estimating, when md at least one of said plurality of frames is a non-speech fr; 
noise energy level of at least one of said plurality of bands of said at least a respective 
said plurality of fcimes; and 

filtering said at least one band as a function of said estimated noise level. 

24. The method of claim 23 wherein said at least a re?ipcettvc one of said p! 
of frames is determined to be a aon-speech frame when said at least one franne is a stal 
frame. 



25. (Amended) The method of claim 24 wherein said at least a respeciive one 
of said plurality of frames is determined to be a stationary frame when a difference in a 
logaritlim of an energy of said at least one frame and a logarithm in an energy of at a prior 
one of said plurality of frames is less than [exceeds] a first predefined threshold value andja 
linear nredictivc codinu (LPQ nrediction error exceeds a second predefined threshold value , 

26. (Amended) The metliod of claim 23 wherein said at least a respective one 
of said plurality of frames is determined to be a non-speech frame as a ftjnction of a simi of 
weighted values^ each of said weighted values corresponding to a respective one of said 
frequency bands of said respective one of said plurality of frames, each of said weighted 
values being a product of a logarithm of a speech likelihood metric of said corresponding one 
of said frequency bands and a weighting factor of said corresponding one of said frequency 
bands, and [as a function of] when a linear predictive coding (LPC) prediction error exceeds a 
second predefined threshold value . 

27. 'I*he method of claim 26 \^iierein said speech likelihood metric of said 
corresp<:)nding one of said frequency bands is determined by the follovving relation: 
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1, wherein SNR^n,, is said respective local signal- 



A(/) = 



(/) 



prior 



to-noise ratio and SNRp,j„ is said respective smoothed sigtia!-to-noi$c rdtio. 



28. (Amended) The method of claim 23 wherein said at least a respective one 
of said plurality of frames is deiennined to be a non-speech frame as a ftinction of a 
nonnalizcd skewness value of a linear predictive coding (LPC) residual of said at least a 
respective one of said plurality of frames and [as a function] when of a linear predictive 
coding (LPC) prediction crrt:)r exceeds a second predefined thre^shold value . 

29. The method of claim 28 wherein s^iid skewness value of said LPC residual is 
determined by the following relation: 

1 

SK ~ *Y^2-» ? wherein e(n) are sampled values of an I. PC residual and N is a fnunt- 



length. 



30. (Amended) The method of claini 29 wherein said skcwncss value is 
normalized by a function of an estimated value of a total energy of said respective one of 
said plurality of frames, said total energy being detenmined by the following relation: 

= "v Z [^(")P . wherein e(n) are sampled values of an LPC residual, and N is a frame 



5 length. 



3 1 . (Amended) The method of claim 29 wherein said skewness value is 
normalized by a function of an estimated value of a variance of said skev\Tiess value, said 
variance being determined by the following relation: 

/V ■ w herein E„ is said current estimate of the noi.se energy level and N is a 



5 frame length. 

32- The mediod of claim 23 wherein said estimated noise level is determined by 
the following relation: 

^('^^ + Uf)^ (1 " /:^E4m,/), whereijvE(m,Ofs noise 

energy level, Ech(ni,0 is a band energy, m is an iteration index and a is an update constant. 



33. (Amended) The method of claim 32 wherein a value of said update constant 
a is detemiined by one of a watchdog timer being expired, said at least one of said plurality of 
frames being stationary, said at least one of said plurality of frames being a non-speech frame, 
a LPC residual of said at least one of said plurality of frames having substantially zero 

5 skevvness. [and] a current value of said estimated noise energy level being greater than a total 
energy of said plurality of frames and a linear predictive codin^ f LPO nredtction error 
exceeding a predefined threshold value , 

.A. 

34. An apparatus of reducing noise in a transmitted signal iacludini; a pluraliiy of 
frame;^, each of said frames including a plurality of frequency bands: said apparatus 
comprising: 

means for determining a rcspirctive total signal energy and a respective current 
estimate of the noise mmgy for ai knst one of said plurality of frequency bands of at least 
one of said plurality of frames: 

means for determining a respective local signal-to-noise ratio (SNRj^^) for said at 
least one of f;aid plurality of frequency bands as a function of said respective signal energy 
and said respective cunent estimate of the noise energy: 

means for determining a respective smoothed signal-to-noise ratio (SNRp,;,.,) for said 
nt least one of said plurality of frequency bands from said respecti\^ local signaMo-noise 
ratio and anothi-x respective signal 4o-iioise ratio (SNR,,,) estimated for a previous frame; and 

means for calculaiing a respective filter gain value for said at least one of said 
plumlity of frequency bands from said respective smoothed signal-to-noisc ratio. 



35, (Amended) The apparatus of claim 34 wherein said respcciive local signal- 
lo-noisc ralio (SNRp^st) is determined by the followng relation: 



EH f) 



wherein POS(x] has the value x when x is positive and has the value 0 olhcr\\i$c, |E^(f)] 
l\HO is [said respective) a perceptual total [signal] energy value and [BJif)\ £n5CQ is (said 
respective current estimate of the] a perceptual noise energy value . 



36. llie apparatus of clsini 34 wherein said estimated respective signal-to-nois 
rmio (SNR^J is determined hy the following relation: 



wherein G(i) is a prior respective signal gain und SNR^j,,, is said respective local signal-to- 
noistr raiio. 

57. The apparatus of claim 34 wherein said respective 5;mi>oihed signiil-to*noii;c 
m'\o (SNRp^iy,) is deterrained by the folio wiag relation: 

sm^,Af) = ( 1 - r ysN'R^, if) - ySNK,, (fx 

wherein y is a smoothing eojisiaxsl, SNRp^,, is said respective local signal-to-noisc ratio and 
SNR^, is said estimated respective signal-to-noise ratio, 

38. The apparatus of claim 34 wliereia said respective filter gain value is 
determined by tlie following relation: 

wherein SNRp^j^is said respeciive smoothed signal-to-noisc ratio. 

39. The apparatus of claim 34 further comprising the meajis for forming said at 
least one of said plurality of frames from a first number of new speech samples and a second 
number of pri or speech samples. 

40. ITie apparatus of elaim 34 nirther comprisitig means for foniiing said plurality 
of frequency bands by carrying out a fast Fourier tmn.«tbrm ( KFT) on said at least one of said 
plurality of t>ames. 

4 1 . The apparatus of claim 34 fiirihcr comprising: 

means for determining whether said at least one of said plurality of frames is a non- 
speech iTame; 

nieans for updating, when said at least one of said plurality of frames is a noi>-speech 



5 frame, said current csiimaic of the noise energy level of said at least one of said plurality o 
bands of said nt least one of said plurality of frames; and 

means fordciermining said respechve filter gain value as a function of said updatet 
current esiiniaie of ihc noise energy level, 

42. The apparatiis of claim 41 wlierein said at least one of said plurality of fram 
is determined lo be a non-spccch frame when said at least one fmme is a stationary' frame. 

43. (Amended) The apparatus of claim 42 wherein said at leasi a respective on* 
of said plurality of frames is determined to be a stationary frame when a difference in a 
logarithm of an energy of said at least one frame and a logarithm in an energy of at a prior 
one of said plurality of frames [exceeds] is less than a first predefined threshold value and a 
linear predictive codinn (LPC) predicrion error exceeds a second predefined threshold value . 

44. (Amended) Tlie apparatus of claim 42 wherein said at Ica^t one of said 
plurality of frames is determined to be a non-speech frame as a function of a sum of weightec 
value^ each of said weighted values corresponding to a respective one of said frequency batid 
of said respective one of said plurality of frames, each of said weighted values being a 
product of a logarithm of a speech likelihood metric of said corresponding one of said 
frequency bands and a weighting factor of said corresponding one of said frequency bands, 
and (as a function of) when a linear predictive coding (LFC) prediction error exceeds a 
second predefined threshold value . 



45. The apparatus of claim 44 wherein said speech likelihood mcuic of said 
corresponding one of said frequency bands is determined by the foliovving relation: 



SNR . {/) i I 

prior / I 

TT^iSNR (f)\ 

prior ^ 



1 + SNR 



\-^sm . (f) 

prior - 



, wherein SNR^^ is said respective local signal- 



46. (Amended) The apparatus of claim 41 wherein said at least a respective 
of said plurality of frames is deicnnined to be a non-speech frame as a function of a 
normalixed skcwncss value of a linear predictive coding (LPC) residual of said ai least a 
respective one of said plurality of frames and jas a function of) when a linear predictive 
5 coding (LPC) prediction error exceeds a second predefined threshold value . 

47. I'he apparatus of claini 46 wherein said skewness value of said L PC residual is 
determined by the following relation: 

" 77 L . wherein e(n) are sampled values of an LPC residual, and N is a frame 



length. 



48. (Amended) The apparatus of claim 47 wherein said skevvn 
normalized by an estimaied value of a total enerLiy of said respective one 
of frames, said iota! energy £, being determined by the following relation: 

1 V* 

£^ = — 2^ [e{«)]' , wherein e(n) are sampled values of an LPC residual, i 

rt = 0 



5 length. 



49. (Amended) Tlie apparatus of claim 47 wherein said skewn 
normalized by a function _cif an estimated value of a variance of said skewTie: 
variance being dctcmiincd by the following relation: 

15£^ 

Vat[SK] = ? wherein is said current estimate of the noise energy 



5 frame length. 

50- The apparatus of claim 4 1 wherein said estimated noise level is dclcrmined b 
the following relation: 

/J(/Wt I,/) - (1 - a )E{m, f) f aE^(w,/), wherein E(m,0 h a prior estimated noise 
energy level, £^^in\J) is a band energy, m is an iteration index and a is ai^ update constant. 



5 1 . (Amended) The apparatus of claim 50 wherein a value of said update 
constant a is determined by one of a watchdog timer being expired, said at least one of said 
plurality of frames being stationary, said at least one of said plurality of frames being a non- 
speech frame, a LPC residual of said at least one of said plurality of frames having 
substantially zero skcvMiess, [and] a current value of said estimated noise energy level being 
{^jcater than a total energy of said plurality of frames and a linear predictive codinc fLPO 
prediction error exceeding a predefined threshold value . 

52. (Amended) The apparatus of claim 41 wherein said estimated noise level h 
forced to be updated [using a noise energy level of a ciureni frame] when said estimated nois 
level is not updated within a preset interval. 

53- The apparatus of claim 34 wherein said filtering gain is further adjusted as a 
function of an aggressiveness setting parameter (F) according to the following relation: 

O'i f ) = vU - f O - G(f y )] , vvhcrein G(f) is said filtering gain prior to KHng adjusted 

54, The apparatus of claim 34 further comprising the steps of: deiemiining a 
respi^tive speech likelihood metric of each of said plurality of said frequency biinds of said a 
least one of said plurality of frames: determining a number of said plurality of said frequency 
bands having said respective speech likelihood metric above a threshold value; and setting, 
when said number exceeds a predetermined percentage of a total number of said plurality of 



said frequency bands, said filter gm\ for each of said plurality of said frequency bands to a 
nnnlmum value. 

55. The apparatus of claim 44 wherein said filiering gain is set to a minimum 
value when said speech likelihood metric is less than a threshold value. 

56- An apparatus of reducing noise in a transmitted signal including a plurality of 
frames, each of said frames including a plurality of frequency bands; said apparatus 
comprising the steps of: 

means for detcnnining whether at least a respective one of said plurality of frames is a 
5 non- speech fraiiie: 

means for estimating, when said at least one of said plurality of frames is a noa- 
si^eech frame, a noise energy leve! of at least one of said plurality of bands of said at lease a 
respective one of said plurahly of frames; and 

means for filtering said at least one band as a function of said estimated noise level. 

57. The apparatus of claim 56 wherein said at least a respecti ve one of said 
pluraHty of iranies is deiennincd to be a non-speech frame when s<^ud at least one frame is a 
stationary' frame. 



58. (Amended) The apparatus ofclaim 57 wherein said at least a rcspcclivc 



of .said plurality of frames is determined la be a stalionar>' frame when a difference in a 
logarillun of an energy of said at least one frame and a logarithm in an energy of at a prioi 
one of said plurality of frames [exceedsl is less than a first predefined threshold value and 
5 linear predictive coding f LPC) prediction error exceeds a second predefined tlireshold valt 

59. (Amended) The apparatus of claim 56 wherein said at least a respective 
of said plurality of frames is determined to be a non-speech frame as a ftmction of a suni c 
u'eighted values^ each of said weighted values corresponding to a respective one of said 
frequency bands of said respective one of said plurality of frames, each of said weighted 
5 values being a product of a logarithm of a speech likelihood metric of said corresponding 

of said frequency bands and a weighting factor of said conespbnding one of said frequei 
bands, and when (as a function of) a linear predictive coding (LPC) prediction error excj 
second predefined threshold value . 

60. The apparatus of claim 59 wherein said speech likelihood metric of said 
correspiuidiny one of said frequency bands is determined by the following relation: 



if) 



prior 



SNR 



if) 



prior 



if) 



post 
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, wherein SNR^^ is said respective local signal- 



to-noise ratio and SNRp-^^, is said respective smoothed signal-io-noisc ratio. 



61 . (Amended) The apparatus of claim 56 wherein said at least a respective - 
of said plurality of frames is determined io be a non-spccch frame as a function of a 
normalized skewness value of a linear predictive coding (LPG) residual of said at least a 
rcspeciivc one of said plurality of frames and |as a function of] when a linear predictive 
coding (LPC) prediction error exceeds a second predefined threshold value . 

62, The apparatus ofclaim 6 1 wherein ^id skewtiess value of said LPC residual is 
deiennined by the following relation: 

"^^^ H/^ i^(^^)Y ^ wherein e(n) are sampled values of iin LPC residual, and N is a frame 
length. 



5 



63. (Amended) The apparatus of claim 61 wherein said skewncss value is 
normalized by an ttsiimaied value of a total energy £, of said rc^spcctivc one of said plur 
of frames, said total energy being determined by the following relation: 

^» " ^ [^('0]' y wherein e(n) are sampled values of an LPC residual, and N is a fi 
«~o 

5 length. 

64. (Amended) The apparatus of claim 62 wherein said skewiiess value is 
nonnalized by a function of an estimated value of a variance of said skewness value, sai 
variance being determined by the following relation: 

7^ > wherein E„ is said current estimate of the noise energy level and N 




5 frame length. 

65. Ttie apparatus of claim 56 wherein said estimated noise level is detemtined by 
the follo\\nng relation: 

E{m + 1, /) ^ (1 " a )E{mJ) + aE4nh f ) . wherein E(m,f) is a prior estimated noise 
energy level, Eti,(m,0 is a band energy, m is an iteratioJi index and a is an update constant. 



66. (Amended) The apparatus of claim 65 wherein a value of said update 
constant a is determined by one of a walchdoi; timer being expired, said at least one of said 
pluralit)' of frames being stationary, said at least one of said plurality of frames being a non- 
speech frame, a LPC residual of said at least one of said plurality of frames having 
5 substantially zero skewiiess, |and] a current value of said estimated noise energy level being 
greater than a total energy of said plurality of frames and a linear predictive coding (LPC) 
prediction error cxccedinu a predefined threshold value . 

Add the following new^ claims: 

"67. The method of claim 10 wherein said LPC prediction error (PE) is determine 
by the following relation: 



PE " f][ [1 - ^] 1 wherein rc^ is a reflection coefficient generated by LPC analysis. 

68. The method of claim 1 1 wherein said LPC prediction error (PE) is determine^ 
by llie following relation: 



PE = rj [1 - ''O , wherein rc^ is a reflection coefficient generated by LPC analysis. 



K-\ 




69- The mclliod of claim 13 wherein said LPC prediction error (PE) is determinet 
by the following relation: 



PE = ]^ [1 - ra * ] , wherein rct is a reflection coefficient generated by LPC analy 

jlrnO 



70. The method of claim 1 8 wherein said LPC prediction error (PE) is det 
by the following relation: 

PE " I][ [1 - * J > wherein rc^.. is a reflection coefficient generated by LPC analy 

A«0 



7L Tlie method of claim 25 wherein said LPC prediction error (PE) is del; 
by the following relation: 

PE " 17 [1 - ''C* ^] > wherein re,, is a reflection coefTicient generated by LPC analy 



72. The method of claim 26 wherein said LPC prediction error (PE) is del 
by the following relation: 

PE = n [1 ~ ] ? wherein rC|, is a reflection coefficient generated by LPC analy 



73, The method of claim 28 wherein said LPC prediction error (PE) is det^ 
by the following relation: 

A'- 1 

PE = I][ " ] > wherein rc^, is a reflection cocfftcienl generated by LPC analy; 



74- The method of claim 33 wherein said LPC prediction error (PE) is deif 



.12- 



by the follouing relation: 

PE = PI [1 - ra '] , wherein rCi^ is a reflection coePTicienl generated by LPC analysis. 

75. The of claim 43 wherein said LPC prediction error (PG) is determined by the 
following relation: 

A- 1 



P£ = [][ [1 - m \] , wherein rct is a reflection coefficient generated by LPC analysis. 



76. The of claim 44 wherein said LPC prediction error (PE) is determined by the 
following relation: 
^-1 



PE - Y\ [1 - m ' ] » wherein rC|. is a reflection coefficient generated by LPC analysis. 



5=0 



77. The of claim 46 wherein said LPC prediction error (PE) is determined by the 
following relation: 

PE = fl n ~ ] > ^vherein rc^ is a reflection coefficient genemied by LPC analysis. 



78. The of claim 51 wherein said LPC prediction error (PB) is determined by the 
following relation: 

PE = n " 1 » wherein rc^ is a reflection coefficient generated by LPC analysis. 





79. The of claim 58 wherein said LPC predic tion error (PE) is determined by it 
followng relation: 



PE - f]^ [ J ~ fCk }. wherein rCt is a reflection coefficienl generated by LPC analysis. 



80. The of claim 39 wherein said LPC prediction error (PE) is determined by ih 
following relation: 



A- 1 



PE " f3 [1 " ] ' wherein rc;, 1$ a reflection coefficient generated by LPC analysts. 



81 . 1*he of claim 61 wherein said LPC prediction error (PE) is determined by th 
following relation: 



PE = [1 - rci '] J wherein rc^ is a reflection coefficient generated by LPC anaJysis. 



82. The of claim 66 wherein said LPC prediction error (PE) is determined by il: 
following relation: 

PE ~ j"! [ I - f"Ck ' ] , wherein rcv is a reflection coefficient generated by LPC analysis. 

83. The method of claim 1 5 wherein said normalized skewne$$ value y 3 is 
determined by the following relation: 



84. The meihod of claim 16 wherein said normalized skcwncss value y / is 
deiermtned by the following relation: 



SK 



85. Hie method of claim 30 wherein said normalized skewness value y 3 is 
determined by the following relation: 

X 

86. The method of claim 3 1 wherein said normalixed ske\sTiess value y / is 
determined by the following relation: 

. SK_ 



87. The of claim 48 wherein said normalized skewness value 7 5 is detemiined by 
the following relation: 




88. The of claim 49 wherein said normalized skewness value y ^ is determined by 
the following relation: 



SK 




89. ITic of claim 63 wherein said nonnalized skcwncs^ value y 3 is determined by 
the following relation: 




90, The of cbim 64 wherein ^aid noTmati/xd skewness value y / is determined by 
the following relation: 



91 , The method of claim 1 7 wherein said update constant a has a value of 0.002 
when a watchdog timer is expired and a linear predictive coding (LPC) prediction error (PE) 
exceeds a predefined LPC prediction enor threshold value Tpp^,; said update constant a has a 
value of 0,05 when said at least one of said plurality of frames is stationary; said update 
5 constant a has a value of 0.1 when a noise likelihood value is less than a noise likelihood 
threshold value Tijjc and said LPC prediction error PE is greater than a predefined LPC 
prediction error direshold value Tp^2 st*ch that said at least one of said plurality of frajries is a 
non-speech frame; said update constant a has a value of 0.05 when an absolute value of a 



SK 




normalized skeuticss of a LPC residual is less than a first threshold value T^, said ske 
of said LPC residual being normalized by local energy, or is less than a second thresh< 
value Tfc, said skewncss of said LPC residual being normalized by a variance of said 5 
of said LPC residual, and vu^hen said LPC prediction error PE is greater than a predcft 
prediction error threshold value Tpfrj so that a LPC residual of said at least one of said 
plurality of frames has substantially zero skewness; and said update constant a has a > 
0. 1 when a current value of said estimated noise energy level is greater tlian a total en 
said pluralily of frames. 

92. The method of claim 32 whcrcin said update constant a has a value of 
when a watchdog timer is expired and a linear predictive coding (LPC) prediction ent 
exceeds a predefined LPC prediction error threshold value T^f^; said update constant < 
value of 0.05 when said at least one of said plurality of frames is stationary; said upd£ 
constimt a has a value of 0.1 when a noise likelihood value is less than a noise likelib 
threshold value TmK. and said LPC prediction error PE is greater than a predefined i,Pf 
prediction error threshold value T^^2 stich that said at least one of said plurality of frai 
non-speech frame; said update constant a has a value of 0.05 when an absolute value 
nonmalized skewness of a LPC residual is less than a first threshold value Tg, said ske 
of said LPC residual being normalized by tola! energy, or is less than a second thresh^ 
value Tj,, said skewness of said LPC residual being normalized by a variance of said s 
of said LPC residual, and when said LPC prediction error PE is greater than a predefii 
prcdiciion cnror threshold value Tpjr^ so that a LPC residual of said at least one of said 
plurality of frames has substantially zero skewness; and said update constant a has a ^ 



15 0. 1 when a current value of said eslimaled noise energy level is greater than a total energy of 
said plurality of frames. 

93. The of claim 50 wherein said update constant a has a value of 0.002 when a 
watchdog timer is expired and a linear predictive coding (LPC) prediction error (PE) exceeds 
a predefined LPC prediction error threshold value Tp^,: said update constant a has a value of 
0.05 when said at least one of said pluraJitx'^ of frames is stationary; said update constant a ha- 

5 a value of 0, 1 when a noise likelihood value is less than a noise likelihood threshold value 
T|.,K and said LPC prediction error PE is greater than a predefined LPC prediction error 
threshold value such that said at least one of said plurality of frames is a non-speech 
frame; said update constant a has a value of 0.05 when an absolute value of a normalised 
skewness of a LPC residual is less than a first threshold value Tp, said skewtiess of said LPC 

10 residual being normalized by total energy, or is less than a second threshold value '\\, said 
skewness of said LPC residual being nomialized by a variance of said skewness of said LPC 
residual, and when said LPC prediction error PE i$ greater than a predefined LPC prediction 
error threshold value T^^-^ so that a LPC residual of said at least one of said plurality of frame 
has substantially zero skewness; and said update constant a has a value of 0. 1 when a current 

1 5 value of said estimated noise energy level is greater than a total energy of said pluralitv* of 
frames. 

94. The of claim 65 wherein said update constant a has a value of 0.OO2 when a 
watchdog timer is expired and a linear predictive coding (LPC) prediction error (PE) exceeds 
a predefined LPC prediction error threshold value Tp^,; said update constant a has a value of 
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0-05 when said at least one of said plurality of frames is stationary; said update conslaiil a fc 
5 a value of 0.1 when a noise likelihood value is less than a noise likelihood threshold value 
T, and said LPC prediction error PE is greater than a predefined LPC prediction error 
threshold value Tpej such that said at least one of said plurdlily of frames is a non-spccch 
frame; said update constant a has a value of 0.05 when an absolute value of a normalized 
skewness of a LPC residual is less than a first threshold value T^, said ske\sTiess of said LPC 
10 residual being normalised by total energy, or is less than a second threshold value T^, said 
skcvvncss of said LPC residual being nomialixcd by a variance of said skewness of said LPC 
residual, and when said LPC prediction error PE is greater than a predefined LPC predictioi 
error threshold value Tp^ so that a LPC residual of said at least one of said plurality of fran 
has substantially zero skcvvTiess; and said update constant a has a value of 0 J when a cuitei 
1 5 value of said estimated noise energy level is greater than a total energy of said pluralit)^ of 
frames. 

95. The metliod of claim 2 wherein said perceptual total energy value \l^J,f) is 
determined by the following relation: 

y* ^_ fj/(^fy^ perceptual noise energy E*'„(f) is determined by the 

following relation: 

5 E\,{f) ~ ® E "(/) ' wherein E^(0 is said respective total signal energy and £„(0 

said respective current estimate of the noise energy, gi denotes convolution and W(f) is an 
auditory filter centered at f. 



96. The apparatus of claim 35 wherein said perceptual total energy value & 
determined by the follounng relation: 

E^3,i^fyiW{fy^ E'if}'^^ ^^^^ perceptual noise energy D*„(f) is determined by th 
following relation: 

j^^(y) = W{f)® E-(/), wherein E^(f) is said respective total signal energy and 

said respective curuint estimate of the noise energy, denotes convolution and W(0 is 
auditory filter centered at f 

97, A method of reducing noise in a transmitted signal comprised of a plun 
frames, each of said frames including a plurality of frequency bands; said method com] 
the steps of : 

determining whether said plurality of frequency bands of at least a respective oi 
said plurality of frames are strong speech bands: and 

setting, when a count of said strong speech bands is less than a predetermined fi 
of a total number of said plurality of frequency bands, a filter gain of at least said stron: 
speech bands to a minium value. 

99. The method of claim 98 wherein said determining step includes determi 
whether said plurality of frequency bands of said respective one of said plurality of fraj 
each has a likelihood metric whose value is greater than a predetermined threshold vak 

100. The method of claim 99 vWierein said speech likelihood metric of a resp 



one of said plurality of frequency bands is delermincd by the following relation: 



A(/) = 



SNR . (/) 
prior 



l^SNR . (/) 
prior 



SNR (/) 



USNR . (/) 
prior ^ 



, wherein SNR^^ is a respective local signal-tc 



noise ratio and SNR^Hoi *s a resp>sctive smoothed signal-to-noise ratio. 

101. The method of claim 100 wherein said respective local signal-to-noisc ratio 
(SNRjj^ is deremiined by the following relation: 



SNR^.{f) = PCS 



- 1 



, wherein POS[x) has the value x when x is positive and 



has the value 0 olherunise, E/(f) is a perceptual total energy and E/(f) is a perceptual noise 
5 energy. 

102. The method of claim 101 wherein said perceptual total energy value i5 
detennined by the followng relation: 

Ex{f)~^{f}^F^{f) * said perceptual noise energy E^„(f) is determined by the 
following relation; 



5 



J^^i f) = £"{/) J wherein £^^(0 is a respective total signal energy and E:,{0 is 



respective cunent estimate of the noise energy, © denotes convolution and W(f) is an audi 
filter centered at f 

103. The method of claim 100 wherein said respective smoothed signaKto-noise 
ratio (SNRpr; J is dclcrrnincd by the following relation: 

wherein y is a smoothing constant^ SNR^ is said respective local signai-to-noise ratio an< 
SNR^^ is said estimated respective signaKto*noise ratio. 

104. The method of claim 103 wherein said estimated respective signal-io-noise 
ratio (SNReJ is determined by the following relation: 

^^^'Kij (/) = \(^(f)f ' 'S/^^^/wn (/) y wherein G(f) is a prior respective signal gain and 
SNR^,« is said respective local signal-to-noise ratio. 

105. An apparatus of reducing noise in a transmitted signal comprised of a plura 
of frames, each of said frames including a plurality of frequency bands; said apparatus 
comprising: 

means for determining whether said plurality of frequency bands of at least a 
respective one of said plurality of frames are strong speech bonds; and 

means for setting j when a count of said strong speech bands is less than a 
predetermined fraction of a total number of said plurality of frequency bands, a filter gain 
at least said strong speech bands to a minium value. 



106. The apparaiuf; of claim 1 05 wherein said means for determining includes 
means for determining whether said plurality of frequency bands of said respective one of 
said plurality of frames each has a likelihood metric whose value is greater than a 
predetermined threshold value. 

107. The apparatus of claim 106 wherein said speech likelihood metric of a 
respective one of said plurality of frequency han<k is determined by the following relation: 



SNR . if) 
prior 



pnor ^ ' 



SNR (/) 



l^SNR , (/) 
prior 



wherein SNR^^ is a respective local signal-to- 



noise ratio and SNkpriar is a rcspeclivc smoothed signal-to-noise ratio. 



5 108. The apparatus of claim 1 07 wherein said respective local signal-to-noise ratio 

(SNRj^J is determined by the following relation: 



Em., 



, wherein FOSlx] has the value x when x is positive and 



has the value 0 otherwise, E^P(f) is a perceptual total energy and E/(f) is a perceptual noise 



energy- 



109. 'I"he apparatus of claim 108 wherein said perceptual total energy value E^J^ 
determined by the following relation; 

Et^^(^f)=W{f^ Er{f) ' perceptual noise energy E^O is determined by the 

following relation: 

5 E^„{f) = £"{/) > wherein E^O is a respective total signal energy and £^(0 i 

respective current estimate of the noise energy, 0 denotes convolution and W(0 is an audi 
filter centered at f 

1 lO, The apparatus of claim 107 wherein said respective smoothed signal*to-no: 
ratio (SNRp,,^.,) is detennined by the following relation: 

wherein y is a smoothing constant, SNR^^t is said respective local signal-to-noise ratio m 
5 SNR«, is said estimated respective signal-to-noisc ratio. 

1 1 L The apparatus of claim 1 10 wherein said estimated respective signal-to-noi 
ratio (SNR^,) is determined by the following relation: 

S^Kjj (/) - )f ' Sf^'^fOM (/ ) ^ vvherein G{0 is a prior respective signal gain and 
SNRpa^ is said respective local signal-to-noise ratio.- 
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